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(54) MOTOR DRIVE DEVICE AND SEMICONDUCTOR ELEMENT COOUNG DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To surely cool 
semiconductor elements using a simple structure and to 
improve the reliability of a motor drive apparatus and a 
semiconductor element cooling apparatus. 
SOLUTION: In a motor drive apparatus and a 
semiconductor element cooling apparatus, power- 
converting elements 101 that control a motor 3 and their 
control elements 102 are stored inside a box 111, in 
such a way that the control elements 102 are position 
above the power converting elements 101. The cooling 
flow channels of a cooler, to which the power converting 
elements 101 are thermally connected, are provided at a 
position below the control elements 1 02, a vaporizing 
part 203 of a heat pipe is thermally connected to the 
control elements 102, and its condensing part 205 is 
provided extending upwardly. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It has a condensator and a heat pipe device which stores a refrigerant inside a heat 
transport pipe and forms a heat pipe evaporator and a heat pipe condensing part characterized 
by comprising the following, A power conversion element from which said semiconductor device 
constitutes an inverter part which drives said motor, Have a controlling element which controls 
said inverter element, connect said power conversion element to said condensator thermally, 
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arrange said controlling element above said power conversion element, and said condensator. 
Are located caudad, provide the cooling passage from said semiconductor device, and said heat 
pipe device, Motor driving having connected the heat pipe evaporator to said controlling element 
thermally, and having been located up and connecting the heat pipe condensing part to said 
condensator thermally from said heat pipe evaporator. 
A motor. 

Two or more semiconductor devices which control said motor. 
A case which stored said semiconductor device. 
A cooling passage which circulates cooling fluid. 

[Claim 2]Said motor drives a car, and said case seals and stores said semiconductor device, and 
said condensator, Form a part of bottom of said case, and side, and use said cooling fluid as 
water and said heat pipe device, Insert 1 side of a heat transport pipe in an evaporator block 
formed by a thermal conductor, and form said heat pipe evaporator, and. Insert in a condenser 
block which formed other sides of said heat transport pipe by a thermal conductor, and said heat 
pipe condensing part is formed. Said controlling element is mounted in a printed circuit board, 
and on a base part of said condensator, carry out direct contact of said power conversion 
element, and it is connected thermally. This heat pipe evaporator and controlling element are 
thermally connected via said gap and said printed circuit board by having few gaps in a mounting 
surface of said controlling element of said printed circuit board, and a field of an opposite hand, 
and arranging said evaporator block to them. The motor driving according to claim 1 connecting 
said heat pipe condensing part to a condensator thermally by carrying out direct contact of said 
condensing part block to said condensator. 

[Claim 3]Have the following, have said semiconductor device and a power conversion element 
which constitutes an inverter part which drives said motor, and a controlling element which 
controls said inverter element said power conversion element. Connect with said condensator 
thermally and said heat pipe device, Arrange said heat pipe evaporator between said controlling 
element and said power conversion element, connect the heat pipe evaporator to said controlling 
element thermally, and. Motor driving having been located up and connecting said heat pipe 
condensing part to said condensator thermally from said heat pipe evaporator, 
A motor. 

Two or more semiconductor devices which control said motor. 
A case which stored said semiconductor device. 

A heat pipe device which inserted some of condensators and heat transport pipes which stored 
a refrigerant inside in a tabular evaporator block formed by a thermal conductor, and a heat pipe 
evaporator was formed, and made other parts a heat pipe condensing part. 

[Claim 4]A power conversion element which is provided with the following and from which said 
semiconductor device constitutes an inverter part which drives said motor. Have a controlling 
element which controls said inverter element, and said controlling element is mounted on a 
printed circuit board, and said heat pipe device. Have few gaps, arrange said evaporator block 
almost in parallel, and connect the heat pipe evaporator to said controlling element thermally via 
said gap and said printed circuit board at the rear-face side of a printed circuit board in which 
said controlling element was mounted, and. Motor driving extending the heat pipe condensing 
part up from said heat pipe evaporator. 
A motor. 

Two or more semiconductor devices which control said motor. 

A case which stored said semiconductor device. 

A heat pipe device which inserted some heat transport pipes which stored a refrigerant inside in 
a tabular evaporator block formed by a thermal conductor, and a heat pipe evaporator was 
formed, and made other parts a heat pipe condensing part. 

[Claim 5]Said heat pipe device inserts some heat transport pipes which stored a refrigerant 
inside in a tabular evaporator block formed by a thermal conductor, and forms a heat pipe 
evaporator, and it makes other parts a heat pipe condensing part, Said controlling element is 
mounted on a printed circuit board, and said printed circuit board, A metal core which has a hole 
is pasted together and formed in the rear-face side, and said heat pipe device. Corresponding to 
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a hole by the side of a rear face of a printed circuit board in which said controlling element was 
mounted, it has few gaps. The motor driving according to any one of claims 1 to 4 having 
arranged said evaporator block almost in parallel, and connecting the heat pipe evaporator to 
said controlling element thermally via said gap and said printed circuit board. 
[Claim 6]The motor driving according to any one of claims 1 to 5 dividing and mounting said 
controlling element in a printed circuit board containing a microcomputer and a printed circuit 
board including a gate circuit at plurality. 

[Claim 7]A power conversion element which is provided with the following and from which said 
semiconductor device constitutes an inverter part which drives said motor, Have a controlling 
element which controls said inverter element, connect said power conversion element to said 
condensator thermally, arrange said controlling element above said power conversion element, 
and said condensator, Are located caudad, provide the cooling passage from said semiconductor 
device, and said heat pipe device, A semiconductor device cooling system having connected the 
heat pipe evaporator to said controlling element thermally, and having been located up and 
connecting the heat pipe condensing part to said condensator thermally from said heat pipe 
evaporator. 

Two or more semiconductor devices which control said motor. 
A case which stored said semiconductor device. 

A condensator which has a cooling passage which circulates cooling fluid, 

A heat pipe device which stores a refrigerant inside a heat transport pipe and forms a heat pipe 
evaporator and a heat pipe condensing part. 

[Claim 8]Have the following, and said semiconductor device is mounted on a printed circuit 
board, and said heat pipe device, Have few gaps, arrange said evaporator block almost in parallel, 
and connect the heat pipe evaporator to said controlling element thermally via said gap and said 
printed circuit board at the rear-face side of a printed circuit board in which said semiconductor 
device was mounted, and. A semiconductor device cooling system extending the heat pipe 
condensing part up from said heat pipe evaporator. 
Two or more semiconductor devices which control said apparatus. 
A case which stored said semiconductor device. 

A heat pipe device which inserted some heat transport pipes which stored a refrigerant inside in 
a tabular evaporator block formed by a thermal conductor, and a heat pipe evaporator was 
formed, and made other parts a heat pipe condensing part. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention]This invention relates to motor driving and a semiconductor device 
cooling system, especially is suitable for motor driving and semiconductor cooling devices, such 
as an electromobile and a hybrid electric vehicle. 
[0002] 
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[Description of the Prior Art]As an inverter device for controlling the number of rotations of the 
electric motor which is the source of power of the conventional electromobile, A main circuit and 
other circuit elements are arranged in an inverter device as indicated to JP,9-233847,A, Provide 
a heat sink in the upper surface of an inverter device, and a main circuit to a heat sink Direct 
attachment, On the other hand, other circuit elements are arranged at the lower part which is in 
an inverter device and is distant from said heat sink and a main circuit, the heat pipe to which 
heat is not told from a top to the bottom — said — others — connecting a circuit element and 
said heat sink — this heat pipe — said — others — it constitutes so that the heat of a circuit 
element may be transmitted to said heat sink, and there are some which cooled a main circuit 
and other circuit elements. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the conventional inverter device 
arranges the heat sink on the upper surface of a case so that the heat of other circuit elements 
may be transmitted to a heat sink with a heat pipe, A case will carry out an upper position and 
the cooling passage of the condensator which cools a heat sink needed to cope with the leakage 
of the cooling fluid from a cooling passage to into a case. And even if it arranges a heat sink to 
the down side, carrying out as [ operate / a heat pipe ] is not indicated. 

[0004]Since it connected with the undersurface of the heat sink arranged at the upper surface 
of a case thermally and the heat pipe which transmits the heat of the controlling element 
mounted in the printed circuit board is attached to it with the main circuit, the attachment 
composition of a heat pipe is restrained, and. Securing thermal connection area with a heat sink 
was restrained. 

[0005]Preventing the thermal effect to other circuit elements by generation of heat of a main 
circuit is not indicated. Since a case was thermally placed under a severe condition when an 
inverter device is especially used for a hybrid electric vehicle, there was a problem that the 
printed circuit board in which other circuit elements were carried by the main circuit 
accompanied by big generation of heat was heated strongly. 

[0006]Absorbing unevenness of Hitoshi Handa of a printed circuit board who mounted other 
circuit elements, and aiming at the increase in the effectual heat transfer area of a heat transfer 
means, and corresponding to the vibration under run of a car were not indicated. 
[0007]And the motor driving for cars was not taken into consideration about improving in a 
relation with the radiator used for cooling of the engine of a hybrid electric vehicle, i.e., the 
installation nature of a radiator. 

[0008]This invention is easy composition, it can cool a semiconductor device certainly and an 
object of this invention is to obtain reliable motor driving and a semiconductor device cooling 
system, 
[0009] 

[Means for Solving the Problem]The 1st feature of this invention for attaining the above- 
mentioned purpose, A motor, two or more semiconductor devices which control said motor, and 
a case which stored said semiconductor device. It has a condensator which has a cooling 
passage which circulates cooling fluid, and a heat pipe device which stores a refrigerant inside a 
heat transport pipe and forms a heat pipe evaporator and a heat pipe condensing part, A power 
conversion element from which said semiconductor device constitutes an Inverter part which 
drives said motor, Have a controlling element which controls said inverter element, connect said 
power conversion element to said condensator thermally, arrange said controlling element above 
said power conversion element, and said condensator, From said semiconductor device, it is 
located caudad and the cooling passage is provided, and said heat pipe device connects the heat 
pipe evaporator to said controlling element thermally, and there is in having been located up and 
having connected the heat pipe condensing part to said condensator thermally from said heat 
pipe evaporator. 

[0010]Preferably, said motor drives a car, and said case seals and stores said semiconductor 
device, and said condensator. Form a part of bottom of said case, and side, and use said cooling 
fluid as water and said heat pipe device. Insert 1 side of a heat transport pipe in an evaporator 
block formed by a thermal conductor, and form said heat pipe evaporator, and. Insert in a 
condenser block which formed other sides of said heat transport pipe by a thermal conductor, 
and said heat pipe condensing part is formed. Said controlling element is mounted in a printed 
circuit board, and on a base part of said condensator, carry out direct contact of said power 
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conversion element, and it is connected thermally. This heat pipe evaporator and controlling 
element are thermally connected via said gap and said printed circuit board by having few gaps in 
a mounting surface of said controlling element of said printed circuit board, and a field of an 
opposite hand, and arranging said evaporator block to them, It is in having connected said heat 
pipe condensing part to a condensator thermally by carrying out direct contact of said 
condensing part block to said condensator. 

[001 1]Two or more semiconductor devices by which the 2nd feature of this invention controls a 
motor and said motor. Insert some of cases which stored said semiconductor device, 
condensators, and heat transport pipes which stored a refrigerant inside in a tabular evaporator 
block formed by a thermal conductor, and form a heat pipe evaporator, and have a heat pipe 
device which made other parts a heat pipe condensing part, and said semiconductor device, 
Have a power conversion element which constitutes an inverter part which drives said motor, 
and a controlling element which controls said inverter element, and said power conversion 
element. Connect with said condensator thermally and said heat pipe device, Arrange said heat 
pipe evaporator between said controlling element and said power conversion element, the heat 
pipe evaporator is thermally connected to said controlling element, and it is in having been 
located up and having connected said heat pipe condensing part to said condensator thermally 
from said heat pipe evaporator. 

[0012]Two or more semiconductor devices by which the 3rd feature of this invention controls a 
motor and said motor. Insert some of cases which stored said semiconductor device, and heat 
transport pipes which stored a refrigerant inside in a tabular evaporator block formed by a 
thermal conductor, and form a heat pipe evaporator, and have a heat pipe device which made 
other parts a heat pipe condensing part, and said semiconductor device, It has a power 
conversion element which constitutes an inverter part which drives said motor, and a controlling 
element which controls said inverter element, Said controlling element is mounted on a printed 
circuit board, and said heat pipe device, Have few gaps, arrange said evaporator block almost in 
parallel, and connect the heat pipe evaporator to said controlling element thermally via said gap 
and said printed circuit board at the rear-face side of a printed circuit board in which said 
controlling element was mounted, and. It is in having extended up from said heat pipe evaporator 
about the heat pipe condensing part. 

[001 3] Preferably, said heat pipe device inserts some heat transport pipes which stored a 
refrigerant inside in a tabular evaporator block formed by a thermal conductor, and forms a heat 
pipe evaporator, and it makes other parts a heat pipe condensing part, Said controlling element is 
mounted on a printed circuit board, and said printed circuit board, A metal core which has a hole 
is pasted together and formed in the rear-face side, and said heat pipe device, It is in having few 
gaps corresponding to a hole by the side of a rear face of a printed circuit board in which said 
controlling element was mounted, having arranged said evaporator block almost in parallel, and 
having connected the heat pipe evaporator to said controlling element thermally via said gap and 
said printed circuit board. 

[001 4] Preferably, there is said controlling element in having had composition divided and 
mounted in a printed circuit board containing a microcomputer and a printed circuit board 
including a gate circuit at plurality. 

[0015]Two or more semiconductor devices by which the 4th feature of this invention controls 
said motor, A case which stored said semiconductor device, and a condensator which has a 
cooling passage which circulates cooling fluid. Have a heat pipe device which stores a refrigerant 
inside a heat transport pipe and forms a heat pipe evaporator and a heat pipe condensing part, 
and said semiconductor device. It has a power conversion element which constitutes an inverter 
part which drives said motor, and a controlling element which controls said inverter element, 
Connect said power conversion element to said condensator thermally, arrange said controlling 
element above said power conversion element, and said condensator, From said semiconductor 
device, it is located caudad and the cooling passage is provided, and said heat pipe device 
connects the heat pipe evaporator to said controlling element thermally, and there is in having 
been located up and having connected the heat pipe condensing part to said condensator 
thermally from said heat pipe evaporator. 

[0016]Two or more semiconductor devices by which the 5th feature of this invention controls 
said apparatus, and a case which stored said semiconductor device, It has a heat pipe device 
which inserted some heat transport pipes which stored a refrigerant inside in a tabular 
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evaporator block formed by a thermal conductor, and a heat pipe evaporator was formed, and 
made other parts a heat pipe condensing part, Said semiconductor device is mounted on a 
printed circuit board, and said heat pipe device, Have few gaps, arrange said evaporator block 
almost in parallel, and connect the heat pipe evaporator to said controlling element thermally via 
said gap and said printed circuit board at the rear-face side of a printed circuit board in which 
said semiconductor device was mounted, and. It is in having extended up from said heat pipe 
evaporator about the heat pipe condensing part. 
[0017] 

[Embodiment of the Invention] Hereafter, each example of this invention is described using 
figures. A part of composition which is common in the 1st example in the example after the 2nd 
example is omitted, and the identical codes in the figure of each example show the same thing or 
a considerable thing. 

[0018]The 1st example of this invention is described using drawing 4 f rom drawing 1 . Drawing 1 
The vertical section perspective view of the 1 st example of the motor driving for cars of this 
invention, It is a cross-sectional view of a condensator [ in / the fluoroscopy strabism schematic 
diagram of the engine room part of the hybrid electric vehicle with which drawinig 2 was provided 
with this invention, and drawing 3 can be set to the electric diagram of the 1st example of the 
motor driving for cars of this invention, and / in drawing 4 / the 1st example of the motor driving 
for cars of this invention ]. 

[0019]First, the composition of the engine room of the hybrid electric vehicle in this invention is 
explained using drawing 2 . In the engine room, the motor controlling device 1, the engine 2, the 
motor 3, the dynamo 4, the radiator 5, the pump 6 for cooling water, the piping 6a, the power 
transmission device 7, and the axle 8 are arranged. The wheel 9 is attached to the both ends of 
the axle 8. 

[0020]The motor controlling device 1 which drives the motor 3 is right above near [ 3 ] the 
engine 2 and the motor 3 (i.e., a motor), and since it adjoins beside the engine 2 and is arranged, 
it is influenced by the temperature by generation of heat of the engine 2 and the motor 3. The 
temperature of this engine room may amount to not less than 90 **. The dynamo 4 is attached 
to the side of the engine 2, is generated by rotation of the engine 2, and charges the battery 502. 
The motor controlling device 1 receives supply of electric power from this battery 502. 
[0021]The motor controlling device 1 is arranged so that the power conversion element 101 and 
the controlling element 102 may be piled up up and down in the sealing housing 111. The base 
part of the case 1 1 1 is formed with the condensator 1 10. 

[0022]By energization, a loss occurs and the power conversion element 101 and the controlling 
element 102 generate heat. In drawing 2 , although the controlling element 102 is omitted to one 
step, as shown in drawing 1 in practice, it comprises two steps thru/or two or more steps. As for 
this sealing housing 111, being sealed thoroughly is desirable in order to prevent invasion of 
storm sewage or dust. 

[0023]The radiator 5, the pump 6 for cooling water, the condensator 110, and the motor 3 are 
connected with this order for the piping 6a, and constitute the cooling-water-flow course. 
Antifreeze solutions, such as water and ethylene glycol, are used as this cooling water. By 
operation of the pump 6 for cooling water, cooling water cools the condensator 1 10 and the 
motor 3 from the radiator 5, takes and carries out the rise in heat of the heat, returns to the 
radiator 5, and it is cooled by a running wind with the radiator 5, and it returns to low 
temperature* It may be the composition that the engine 2 shares the pump 6 for cooling water 
although the cooling-water-flow system of the condensator 110 is cooled by a separate system 
(not shown). 

[0024]Next, the electric circuit of the motor driving for cars of this invention is explained using 
drawing 3 . 

[0025]The power inverter circuit 509 constitutes the inverter part which has the power 
conversion element 501 which comprises the IGBT switching element 501a, the diode 501b, etc. 
The IGBT switching element 501a and the diode 501b are connected so that + [ of U phase, V 
phase, and W phase ] and - side may form a bridge. In this power inverter circuit 509, an input 
side is connected to the battery 502 via the filter capacitor 503, and the output side is 
connected to the motor 3. The control circuit 508 including the gate circuit 507 is connected so 
that the power conversion element 101 may be controlled in response to the detecting signal of 
the current sensor 504 and the encoder 506. It drives controlling the number of rotations of the 
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motor 3 by the power inverter circuit 509 and the control circuit 508. 

[0026]Next, the concrete structure of the motor driving for cars of this invention is explained 
using drawing 1 and drawing 4 . 

[0027]The case 1 11 is formed with the covering 130 of the condensator 1 10 of a base part, the 
side wall part 131, and an upper face part. The condensator 110 and the case side wall part 131 
are formed by a thermal conductor like aluminum or copper, and both are connected thermally. 
The covering 130 formed by the thermal conductor so that the top opening of the case side wall 
part 131 might be closed is attached removable so that it may contact thermally. The 
condensator 1 10 and the case side wall part 131 may be formed in one. The inflow of cooling 
water 150 and the outflow of cooling water 151 are established in the condensator 1 10, cooling 
water flows like an arrow, and the condensator 1 10 is cooled. The cooling water which 
specifically flowed from the inflow of cooling water 150 as shown in drawing 4 flows out of the 
outflow of cooling water 151, after carrying out heat exchange to the longitudinal direction of the 
condensator 110 efficiently through between the divider plates 1 10a. 

[0028]The power conversion element 101 contacts the upper surface of the condensator 110 
thermally, are installed, and are stored in the case 1 1 1. [ many ] Many controlling elements 103 
of the control circuit 508 are mounted in the upper surface of the printed circuit board 120 by 
high density. Many controlling elements 104 of the gate circuit 507 are mounted in the upper 
surface of the printed circuit board 120 by high density. It is installed in the undersurface of 
each printed circuit board 120 so that the heat pipe device 200 may meet the printed circuit 
board 120. Each printed circuit board 120 is laid in the shelf holder part 111b which adhered to 
the both side surfaces of the case 111, and is supported. The shelf holder part 111b may the 
case 1 1 1 and really be molded. 

[0029]The heat transport pipe 201 the heat pipe device 200 Two or more [ 1 thru/or ]. The heat 
pipe evaporator 203 inserted in the tabular evaporator block 202 with which the end of the heat 
transport pipe 201 was formed by hot conductor materials, such as aluminum and copper. The 
end of another side of the heat transport pipe 201 comprises the heat pipe condensing part 205 
inserted in the condensing part block 204 similarly formed by the hot conductor material. The 
evaporator block 202 is installed via the printed circuit board 120 and an air layer so that it may 
have few crevices 206, so that the heat transport pipe 201 may become almost parallel to the 
printed circuit board 120. On the other hand, the condensing part block 204 is installed in the 
case 1 1 1 so that the heat transport pipe 201 may become almost parallel to the wall of the case 
111. Therefore, the heat transport pipe 201 is bent almost right-angled between the heat pipe 
evaporator 203 and the heat pipe condensing part 205, and the heat pipe condensing part 205 
comes to be located up rather than the heat pipe evaporator 203. The evaporator block 202 is 
fixed to the printed circuit board 120 with the fixture 207. As for the size of the crevice 206, 
about 1 mm is desirable. 

[0030] Since it is put so that an independently different stage may be constituted, and both ends 
are being beforehand fixed with the screw etc., wiring between the controlling elements 103 and 
104 is easy for the power conversion element 101 and the controlling elements 103 and 104, and 
they are easy to assemble it. The power conversion element of the power inverter circuit 508 
generates heat number 100W per piece, the controlling element of the control circuit 508 carries 
out 1W grade generation of heat per piece to the permissive temperature being about 150 **, 
and the permissive temperature is about 100 **. Therefore, the controlling element 103,104 of 
temperature conditions is severer than the power conversion element 101, Independently, the 
printed circuit board 120 which mounted the controlling element 103, and the printed circuit 
board 120 which mounted the controlling element 104 are accumulated up and down, is arranged, 
and is stored in the case 111. 

[0031]Next, the cooling state of motor driving at the time of driving a hybrid electric vehicle is 
explained. Operation of the engine 2 and the motor 3 Is switched and operated. The engine 2 and 
the motor 3 may still go up at not less than 90 ** in an engine room by generation of heat from 
these, although cooled by cooling water. The motor 3 and the pump 6 for cooling water are 
operated simultaneously. If the pump 6 for cooling water is operated, after cooling the 
condensator 110 first, the cooling water cooled by the temperature of about 60 ** with the 
radiator 5 will cool the motor 3, and will return to the radiator 5, Thereby, the temperature of the 
case 1 1 1 will be about 70 **. 

[0032]If the motor 3 is operated, the power conversion element 101 and the controlling elements 
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103 and 104 of the motor driving 1 will generate heat. Most is directly told to the condensator 
110, the heat which generated heat with the power conversion element 101 radiates heat to 
cooling water, and a part radiates heat all over the space in the case 111. The rise in heat of 
power conversion element 101 self is suppressed by this. 

[0033]As for the heat generated in the controlling element 103, most is told to the heat 
transport pipe 201 via the evaporator block 202 from the undersurface of the printed circuit 
board 120. The heat transport pipe 201 comprises copper of**** conduction material, etc., and 
a size is a diameter grade of 3~5 mm. The refrigerant represented by water is enclosed with an 
inside. If heated, a refrigerant solution will boil and evaporate, will serve as a refrigerant gas, and 
will move to the upper part 205, i.e., heat pipe condensing part, side. Then, it is told to each- 
side-walls part 131 of the case 1 1 1 via the condensation block 204, it is told to the condensator 
110 from this case side wall part 131, and heat is radiated in cooling water. 

[0034]Thus, since it is cooled, it condenses and liquefies and the refrigerant gas in the heat pipe 
condensing part 205 of the heat transport pipe 201 returns to the heat pipe evaporator 203 side 
again. A part of heat which generated heat by the controlling element 103 radiates heat all over 
the space of the case 111. Like [ the heat generated in the controlling element 104 on the other 
hand ] the case of the controlling element 103, most radiates heat in cooling water from each- 
side-walls part 131 of the case 111, and a part radiates heat all over the space of the case 111. 
[0035]Next. the 2nd example of this invention is described using drawing 5 . Drawing 5 is a 
vertical section perspective view of the 2nd example of the motor driving for cars of this 
invention. 

[0036]The thing of this 2nd example inserts the heat conduction sheet 301 between the 
evaporator blocks 202 which constitute the printed circuit board 120 and the heat pipe 
evaporator 203. Although this example has shown the example which inserted the heat 
conduction sheet 301 in cooling by the side of the controlling element 103, it may insert in the 
controlling element 104 side. 

[0037]In this 2nd example, the heat generated in the controlling element 103 is first told to the 
printed circuit board 120, next is told via the heat conduction sheet 301 to the evaporator block 
202. In this case, a cooling capability improves rather than the case where the crevice 206 which 
is an air layer is established between the printed circuit board 120 and the evaporator block 202. 

[0038]Next, the 3rd example of this invention is described using drawing 6 . Drawing 6 is a vertical 
section perspective view of the 3rd example of the motor driving for cars of this invention. 
[0039]The thing of this 3rd example is the structure of laminating the metal core 302 to the 
printed circuit board 120 down side, and attaching the printed circuit board 120 to the shelf 
holder part 1 1 lb via the metal core 302. In this case, the hole 303 has opened into the portion in 
which the evaporator block 202 of the printed circuit board 120 is installed, and the evaporation 
block 202 can be installed via the crevice 206. When the metal core 302 becomes a reinforcing 
member, a car runs a road and the case 1 1 1 vibrates, influence of vibration in the printed circuit 
board 120 can be made small, and the mounting part of the controlling elements 103 and 104, 
etc. can be prevented from being destroyed. In this case, since the hole 303 is established in the 
metal core 302, use of the cooling method using the heat pipe device 200 is not alienated. 
[0040]Next, the 4th example of this invention is described using drawing 7 , Drawing 7 is a vertical 
section perspective view of the 4th example of the motor driving for cars of this invention. 
[0041 ]The thing of this 4th example forms the cooling water hole 304 in the place in which the 
power conversion element 101 is installed. Since cooling water carries out direct contact to the 
power conversion element 101 by this, the cooling efficiency of the power conversion element 
101 can be raised. The portion which the condensator 110 and the power conversion element 
101 touch forms the seal part 305 for carrying out the seal of the cooling water by an 0 ring, 
packing, etc. In this 4th example, even if it arranges the power conversion element 101 to the 
down side, it becomes possible to arrange the heat pipe condensing part 205 which constitutes 
the heat pipe device 200 above the heat pipe evaporator 203. In the seal pari: 305. since the seal 
part 305 is in the bottom even when cooling water leaks, escaped cooling water should not reach 
the electronic parts of the controlling elements 103 and 104. The operation of the heat pipe 
device 200 is enabled also in such a structure. 

[0042]According to the example of this invention, the heat pipe evaporator 203 is installed via 
the printed circuit board 120 in which the controlling elements 103 and 104 were carried, On the 
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other hand, to the wall of the case 1 11 by which integral moulding was carried out to the 
condensator 110, the heat pipe condensing part 205 is installed so that it may become above the 
heat pipe evaporator 203, Since it has composition which connects the heat pipe evaporator 203 
and the heat pipe condensing part 205 with the heat transport pipe 201, the controlling elements 
103 and 104 generating heat can be cooled efficiently. 

[0043]The evaporator block 202 which constitutes the heat pipe device 200 which cools the 
controlling elements 103 and 104 according to the example of this invention, Since it is arranged 
between the printed circuit board 120 in which the controlling elements 103 and 104 were 
carried, and the power conversion element 101, Even if the large power conversion element 101 
of calorific value is heated at the time of an operation, the heat does not heat the controlling 
elements 103 and 104 via the printed circuit board 120, and the cooling efficiency of the 
controlling elements 103 and 104 is raised further. 

[0044]Since the heat pipe evaporator 203 and the heat transport pipe 201 are arranged in 
parallel with the printed circuit board 120 and the heat pipe condensing part 205 is furthermore 
attached to the wall of the case 1 1 1 according to the example of this invention, It becomes 
possible to arrange to multistage two or more steps of printed circuit boards 120 in which the 
controlling elements 103 and 104 were carried. 

[0045]Thus, when the packaging density of the controlling elements 103 and 104 was raised, or 
when the ambient air temperature of the case 1 1 1 was high, it should be small and reliability 
should be maintained. 

[0046]And since according to the example of this invention the power conversion element 101 
and the controlling elements 103 and 104 were stored so that it might be independently piled up 
in the same case 111, Influence of a noise can be made hard to be able to shorten wiring length 
which connects the power conversion element 101 and the controlling elements 103 and 104 as 
compared with what installed the controlling elements 103 and 104 out of the case 111, and to 
be influenced by this. 

[0047]Since according to the example of this invention the controlling elements 103 and 104 are 
mounted in the upper surface of the printed circuit board 120 and the evaporator block 202 is 
arranged via the crevice 206 to the undersurface side of this printed circuit board 120, vibration 
transmitted to the printed circuit board 120 during a run of a car can be reduced. Cooling 
efficiency can be raised further, reducing this vibration, if the heat conduction sheet 301 is 
inserted instead of this crevice 206. 

[0048] According to the example of this invention, cooling water is supplied to the condensator 
110 from the radiator 5, Since the power conversion element 101 linked to the condensator 110 
is arranged in the lower part and the printed circuit board 120 which mounted the controlling 
elements 103 and 104 has been arranged in the upper part, The upper bed part of the radiator 5 
used for cooling of the engine cooling water of a hybrid electric vehicle should be located up 
from the condensator 110, and the radiator 5 in an engine room and the installation nature of the 
motor driving 1 should be excellent by this. 

[0049]And according to the example of this invention, the printed circuit board 120 is installed in 
the shelf holder part 111b attached to the printed circuit board 120 bottom via the metal core 
302 at the wall of the case 111. And the hole 303 is established in the metal core 302, and the 
evaporator block 202 touches the printed circuit board 120 via the crevice 206 or the heat 
conduction sheet 301. Therefore, the cooling action of the heat pipe device 200 is maintained, 
and it becomes possible to reinforce the printed circuit board 120 by the metal core 302 
moreover. 

[0050]Since according to the example of this invention the cooling water hole 304 is formed in 
the condensator 110, cooling water is made to touch the power conversion element 101, much 
more cooling efficiency can be improved and a seal part is moreover in the bottom, Since that of 
****** can be avoided and the heat pipe condensing part 205 is moreover above the heat pipe 
evaporator 203 also in such a structure about bad influence electric to electronic parts, such as 
the controlling elements 103 and 104, even when cooling water leaks, the heat pipe device 200 
can operate. 
[0051] 

[Effect of the Invention]According to this invention, with easy composition, a semiconductor 
device can be cooled certainly and reliable motor driving and a semiconductor device cooling 
system can be obtained. 
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[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a vertical section perspective view of the 1st example of the motor driving for 
cars of this invention. 

[Drawing 2] It is a fluoroscopy strabism schematic diagram of the engine room part of the hybrid 
electric vehicle provided with this invention. 

[Drawing 3] It is an electric diagram of the 1 st example of the motor driving for cars of this 
invention. 

[Drawing 4] It is a cross-sectional view of the condensator in the 1 st example of the motor 
driving for cars of this invention. 

[Drawing 5] It is a vertical section perspective view of the 2nd example of the motor driving for 
cars of this invention. 

[Drawing 6] It is a vertical section perspective view of the 3rd example of the motor driving for 
cars of this invention. 

[Drawing 7] It is a vertical section perspective view of the 4th example of the motor driving for 
cars of this invention. 
[Description of Notations] 

1 [ — A dynamo, 5 / — Radiator, ] — A motor controlling device, 2 — An engine, 3 — A motor, 
4 6 [ — An axle, 9 / — Wheel, ] — The pump for cooling water, 6a — Piping, 7 — A power 
transmission device, 8 502 [ — Condensator, ] — A battery, 111 — A case, 111b — A shelf 
holder part, 1 10 102 [ — Controlling element, ] — A controlling element, 101 — A power 
conversion element, 1 10a — A divider plate, 103 104 [ — Case side wall part, ] — A controlling 
element, 120 — A printed circuit board, 130 — Covering, 131 150 — The inflow of cooling water, 
151 — The outflow of cooling water, 200 — Heat pipe, 201 — A heat transport pipe, 202 — An 
evaporator block, 203 — Heat pipe evaporator, 204 — A condensing part block, 205 — A heat 
pipe condensing part, 206 — Crevice, 207 [ — Hole, ] — A fixture, 301 — A heat conduction 
sheet, 302 — A metal core, 303 304 [ ~ A diode, 503 / — A filter capacitor, 507 / — A gate 
circuit, 508 / — A control circuit, 504 / — A current sensor, 506 / — Encoder. ] — A cooling 
water hole, 305 — A seal part, 509 — A power inverter circuit, a 501 a — IGBT switching 
element, 501b 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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tc*?>/c&6. Jlti/c?<^r±P7K5^)^tfJffl]*T- 1 0 3. 1 0 4 CO 

b- b7^'^:7°^g2 0 0<DfPStl^pItg^C-C^^o 
[0 04 2 ] 4:^0^cD^fe^fJtc $IJ®*^ 1 0 
3. 1 0 4^»*gU/c-7°U> bSSl 2 0*/^L'Tb- 
^/^V:7mfgg|32 0 3^^gU. — mP^l 1 OtC 
-i*iS?f^3n/cffi<$l 1 icDl^H-^v.. b-^b7W:7m^ 
gp 2 0 3 J: 0 ±f|ij J: ^ b - h / -Y :7'S«gP 2 
0 5^^SL. b- ^7^V^ml6gP2 0 3 ib- ^7^'H^ 

:7>3SI3P2 0 5 ^»Jiiie2 0 1 ^m^-^^mm.t ur 

l^-S/cfib. #fe|^^atlJU*^l 0 3. 1 0 4*SJ!f*m< 

[0 04 3] § 6tc. *#feH«cjr)^»jCC<j:n«. SfM* 
^1 0 3. 1 0 4^?^S|l-rSb- ^^^V:7'^^2 0 0* 
SlSTS^^gP:?-^ > ^ 2 0 2 M®*^ 10 3. 1 
0 4?:f§^L/c>^y>ha«l 2 OiS^^»ST-l 0 

i^«:t?^^*^i 0 1 :05»p^snT*>. ^(Dmi^'^y^^yi^ 

hKtSl 2 05:/M.r. $IJfflJ»^l 0 3. 1 0 45rSa^ 

■ra c i t^:^!: < . — B**!®*^ 1 0 3. 1 0 4CD}^i|J?^ 

[0 044] 5 ^ccT^^B^cDHJiWc J:na. -7' y > b 

Sfi 1 2 0 fc^trfc b - h :7m^gP 2 0 3 :te J: xim 
$tilie2 0 l^SagL. b- h/^"^:7'«|gP2 0 5*ffi 

f*i 1 \(Dn^^W.^^\-^v^r:\.^^^c^. %mmi^ \ 0 

3. 1 0 4*Jgt!cU/c:7"y>hSffil 2 0*^Stca» 
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mm-r ^ct ^^-^m tf^i>. 

[0 04 5] C CDJ: ^ Ur. MSPST- 103. 104 

[0 04 6] i^t^h. ^mmmw^ii^cxtiu. 
f^^-f- 1 0 1 iftij®*^ 1 0 3. 1 0 4 1 1 

1 0 3. 1 0 4%ffif* 1 1 \9\^cmM.l^fch<Dtt\Ml^ 

^mti^mM^ 1 0 1 tmmmi^ i o a ^ 104 **fi-^ 
[0 04 7 ] ^fc. :^mmmmmticxtiu. y > h 

as 1 2 0 <Z)_tffitcSfJ®lg^ 1 0 3 . 1 0 4?:^^L. 

CCD:7^y > hSSl 2 0cDT®ffltc|®Pa2 0 

tc:7'y> bS«l 2 0^ceji§n^fM«j*ffi«r#^. 
3 6tc. CCDP:Sr^2 0 ecDfttoOtc. l^e^i^-F-3 0 

[0 04 8] Mfc. *ffe0^CD^J!rfeWtcJ:ntf. ^yx- 
^ 5 i^^h}^im 1 1 0 tC?<^a7K*«*&L. 1 1 0 

CCffiMTSSA^J^*^ 1 0 1 *TSI3(^ciBgL. 
^1 0 3. 1 0 4?r*ttL/c:7^y > hSffil 2 04±gB 

in/KO^^SPtCfflC^-S^i^o:.-^ 5 cD±iffig|5^i^iPlff 1 1 

[0 04 9 ] i^ti^h. :^¥m<Dmwucxmi. y^v > 
hstsi 2 ocDTfBUtc^^ii/nr 3 0 2^/rur. ffif* 

1 1 1 (Df^M^clRf3{1^(^:f 6n/cWSt^:fg|3l l lh(^cyv 
> hSSl 2 O^^gTSo L:0>4)-p^ ^;b:3r3 0 2tc 
t^7^3 0 3 ^?feg[5:7 P ^ 2 0 2 mMf^ 2 0 6 

h 3 0 1 > hStel 2 

inf'Pffl^ffi^r. L:^?>*>^^;^pr3 0 2tcj:S:7^'; > 
i-asi 2 o^«?^-r^>ci^^"sjt^i^^s„ 

[0 0 5 0 ] §6tc. :*:|60^cD3l»JtcJ:ntf. ^^iPI^ 

1 1 0fc?^i|i7K7L3 0 4^^1-^r. mp*^S;^SJ^^ 

^10 1 ^cmo ^^x—m<D<^m)}m^\^±r:^ . 
mmm^ 103. 1 0 4 ^(om^ms^^cmMmfj: 
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[0 0 5 1 ] 

mi] *#fe0B(DgKrmffl^- 3f iKtts«cD» 1 mmm 

[0 3] *^HS(Dasir*ffl^-- ^mmmm(Dm 1 
[04] :$i^m<DsmMm'^-^mmmm(Dmimmm 

tC :|o ^ i^iP^gl m W fflll r ^ ^ . 
[0 5] *^HSCDett»ffl^-^|gSfj»gC0^2X 
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[07] *#60ac?:)Ste*ffl^--^IE«j»ScD^4* 

[^f^cDl^^B«] 

1 - -^-^SijffljR^, 2-^x>-:;^>. 3-^^-3?. 4-- 

5--^>^:n-^. 6-?^iP7KfflAH>:7\ 6 a- 
IBS. 7-S&:^ea^«. 8-*W. 9'-m<^. 50 2 
-^^y'rV. 111-ffi*. 1 1 1 b SB. 11 

o-?^s. loz-'mmm^. loi--*^^^* 

1 1 0 a'-f±^t^. 1 0 3 '-mWMJ-. 1 0 4--$IJ 
mm^. 1 2 0-:7'Tj>hS;K^ 1 3 0*-:^7^^--, 13 

1 -mitmmm. i 5 o-'i^^p/KAn. 1 5 1 --^mm 
ma. 2 0 o--b-- ^7^v^^ 20 i-'mmmm. 20 

2- ^f|g[3:7n '^^^ 2 0 3-b- ^/^V:?'^^g|3. 2 

0 4-«ffigP:7 U^^ 2 0 5--b- ^/^'^^:7°^SI§B. 

2 0 6'"llPa1. 2 0 7 -H^^M^ 3 0 1 -'m&mly- 
h. 3 0 2--^ ^;U:3r. 3 0 3--7^. 3 0 4-^^iP7k 
?L 3 0 5 -->-;l/gP5>. 5 0 9 •-S;^^f^HS§. 5 0 

1 a- I GBTX^ > 5^>^*^. 5 0 1 b-'^-^^t- 
F. 5 0 3--:7 -/;b^P>'r>-9'. 5 0 7-*y-FH 
SS. 5 0 8"-fIJffillHlSS. 5 0 4'-®^i^>t^. 5 0 6-- 
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